TORCH refers to the most common congenitally acquired infections: toxoplasma, rubella, cytomegalovirus, and herpes simplex virus. Neonatal cytomegalovirus infection remains a common cause of congenital infection worldwide with effects ranging from hearing impairment to significant neurological morbidity. We report a case of a term neonate with ventriculomegaly on prenatal ultrasound who presented with low birth weight, small head circumference, hepatosplenomegaly, and purpuric rash on physical exam. Central nervous system cytomegalovirus infection typically shows periventricular calcifications and associated deep white matter damage and ventriculomegaly. Ultrasound, computed tomography, and magnetic resonance imaging have different roles in the diagnosis of congenital central nervous system cytomegalovirus infection. Many imaging features of congenital cytomegalovirus are distinctive, and can spur a diagnostic work-up as well as help provide a prognosis.
Introduction
TORCH refers to the most common congenitally acquired infections: toxoplasma, rubella, cytomegalovirus, and herpes simplex virus (HSV). Congenital rubella was the leading cause of intracranial congenital infections but is now rarely seen due to a successful vaccination campaign over the last several decades. Cytomegalovirus remains endemic without an effective vaccine, making it the most common cause of congenital central nervous system (CNS) infection in developed countries at present, occurring in one out of 100 live births. 1 In the USA alone, about 40,000 infants are diagnosed with cytomegalovirus each year. 2 Most of these cytomegalovirus infections are asymptomatic, with 10% presenting with clinical manifestations at birth, and an additional 10-15% developing symptoms in the first year of life. 3 However, the effects can be devastating. Systemic disease manifests as hepatosplenomegaly, thrombocytopenia, and jaundice, 2 while CNS abnormalities include periventricular calcifications, ventriculomegaly, and various developmental anomalies. 4 
Case report
We report a case of a term neonate who on prenatal ultrasound had intrauterine growth retardation, ventriculomegaly, and oligohydramnios. At birth there was note of microcephaly, hepatosplenomegaly, jaundice, thrombocytopenia, and diffuse purpuric rash. Initial cranial ultrasound at day one of life ( Figure 1 ) showed non-specific periventricular echogenicities and mild ventriculomegaly. Subsequent computed tomography (CT) scan of the head performed in the first week of life demonstrated central brain atrophy and extensive periventricular calcifications ( Figure 2 ). Cytomegalovirus infection was confirmed on urine polymerase chain reaction (PCR), blood and nasopharyngeal mucosal cultures. Cultures were negative for rubella and HSV. Ophthalmological exam showed no evidence of chorioretinitis to support toxoplasmosis. The patient was then promptly started on ganciclovir.
Due to progressive neurological deterioration, significant developmental delay and persistent seizures, a follow-up head CT was acquired at one year of age ( Figure 3 ), which showed worsening ex-vacuo dilatation of the ventricles indicating significant destruction of the periventricular white matter and central brain atrophy. At present, the patient is five years old and has significant neurological impairment with cerebral palsy, spastic quadriplegia, and cortical blindness.
Discussion
Cytomegalovirus is the most common cause of congenital TORCH infections in developed countries.
Congenital transmission is hematogenous through the placenta, and the earlier the infection during gestation, the more severe the consequences. Infection can also be acquired from the vaginal canal during birth. 5 Approximately 10% of infected infants are symptomatic at birth, and an additional 10-15% can present with symptoms in the first year of life, including hearing loss and failure to thrive. The disease manifests systemically as hepatosplenomegaly, thrombocytopenia with petechial rash, jaundice, and elevated transaminases. In the 70% of symptomatic infants who demonstrate clinically evident CNS involvement at birth, the effects can be devastating and prognosis is guarded. 6 These infants can have microcephaly, seizures, developmental delay, cerebral palsy, visual disturbances, and/or hearing loss, which is often progressive. Intracranial calcifications are seen in up to 50% of these affected infants, and is a significant predictor of poor prognosis. 2, 7 High-resolution ultrasound can demonstrate typical ventriculomegaly and echogenic periventricular changes (Figure 1 ), but the extent and location of parenchymal calcifications are best demonstrated on CT (Figure 2 ). Although any part of the brain can be involved, the preferential damage to the developing germinal matrix by cytomegalovirus classically results in a predominantly periventricular distribution of calcification. 8 The eventual consequence of this deep white matter injury is central atrophy and ventriculomegaly (Figure 3) , which are more pronounced in patients who are infected earlier in gestation. Early second trimester cytomegalovirus infection can also result in various developmental anomalies including cerebellar hypoplasia and lissencephaly, while later second trimester infection can result in polymicrogyra. 3 These developmental abnormalities are better demonstrated on magnetic resonance imaging (MRI) and can be helpful for determining prognosis and for counseling parents.
In contradistinction, symptomatic congenital toxoplasmosis is about a tenth as common as cytomegalovirus. The pattern of parenchymal calcification in toxoplasmosis tends to be more random, involving basal ganglia, periventricular region, and cortex, and these can resolve over time with antibiotic treatment. 3 In addition, there are no associated sulcation or migration anomalies. 9 The other herpes virus in the TORCH group, HSV, is typically not truly congenital, but is transmitted via the birth canal during delivery. This type of neonatal HSV manifests as multilobar meningoencephalitis and is neurologically devastating. 3 True congenital HSV is uncommon, comprising about 5% of neonatal herpes. It causes microcephaly, skin lesions, chorioretinits, and hydrancephaly, and is often fatal. 10 The majority of patients who survive the devastating neurological sequelae of neonatal cytomegalovirus will have permanent disability. Even those who are infected but asymptomatic at birth still have a significant risk of developing sensorineural impairment, which is often progressive. 2 Children who are asymptomatic at birth should be followed closely for failure to thrive and hearing impairment.
In conclusion, neonatal cytomegalovirus infection remains a common cause of congenital infection worldwide, with effects ranging from hearing impairment to significant neurological morbidity and early mortality. Periventricular calcifications, deep white matter damage, and ventriculomegaly, as well as associated sulcation and migration anomalies are the predominant findings on neuroimaging. Confirmation can be obtained from urine PCR, blood and mucosal nasopharyngeal culture.
